The hydrothermal carbonation of calcium hydroxide (Ca(OH) 2 ) at high pressure of CO 2 3 (initial P CO2 = 55 bar) and moderate to high temperature (30 and 90°C) was used to synthesize 4 fine particles of calcite. This method allows a high carbonation efficiency (about 95% of 5 Ca(OH) 2 -CaCO 3 conversion), a significant production rate (48 kg/m 3 h) and high purity of 6 product (about 96%). However, the various initial physicochemical conditions have a strong 7 influence on the crystal size and surface area of the synthesized calcite crystals. The present 8 study is focused on the estimation of the textural properties of synthesized calcite 9 (morphology, specific surface area, average particle size, particle size distribution and particle 10 size evolution with reaction time,) using Rietveld refinements of X-ray diffraction spectra,
Introduction
Calcium carbonate is an inorganic compound that has been widely studied due to its Class is the most stable phase at room temperature under normal atmospheric conditions, 6 while aragonite and vaterite belong to Orthorombic-Dipyramidal Class and Hexagonal-7 Dihexagonal Dipyramidal Class, respectively. The later are metastable polymorphs which 8 readily transform into the stable calcite. The specific formation of one of the polymorphs of 9 crystalline calcium carbonate particles depends mainly on the precipitation conditions, such as 10 pH, temperature and supersaturation. Supersaturation is usually considered to be the main 11 controlling factor [1] . Many experimental studies have been reported about the synthetic 12 precipitation of the various forms of calcium carbonate and the conditions under which these 13 may be produced, including the importance of initial supersaturation, temperature, pH and 14 hydrodynamics. The effect of impurities and additives has also been well studied [see for ex. 15 2-15]. 16 Limestone is the most common natural form of calcium carbonate. It has extensive industrial 17 applications: it is one of the components of cements and several construction materials. 18 However, the actual usefulness of calcium carbonate extends far beyond the current usages to 19 which limestone is put. For instance, fine calcium carbonate particles are an active ingredient 20 in commercially available antacid tablets. The calcite is also efficient filler in printing inks 21 and papermaking industry [16] . 22 The most commonly used industrial process for obtaining CaCO 3 powder involves the particles) by controlled addition of water; and finally (c) the carbonation reaction (Eq. 1), in 1 which the CO 2 is bubbled through an aqueous slurry of slaked lime [17] .
The carbonation reaction is the crucial step determining the textural properties (such as 4 average particle size, particle size distribution, morphology and specific surface area) of the 5 obtained product. For example, the morphology of the precipitated calcite, at typical 6 temperatures of industrial process (between 30 and 70 °C), is normally the scalenohedral one 7 bounded by the {21 1 } form. Synthetic scalenohedral calcite is generally produced through a 8 batch carbonation method. The rhombohedral morphology, bounded by the {104} form, is 9 usually precipitated by using solution routes, but rarely by the mentioned industrial process.
10
The carbonation of Ca(OH) 2 suspension without the addition of additives allows to control the 11 textural properties of calcite precipitates [17, [18] [19] . Therefore, the development of new 12 industrial carbonation routes for the production of calcite with different textural properties in are mainly determined by the textural properties, such as average particle size, particle size 15 distribution, morphology, specific surface area and/or polymorphism [17] . 16 Recently, the hydrothermal carbonation of Ca(OH) 2 suspension in presence of compressed or 17 supercritical CO 2 was proposed as a novel method to produce powdered calcite with potential 18 interest to industrial applications [17, 20] Gas S.A.) were injected in the reactor and the total pressure in the system was immediately 23 adjusted to 90 bar by argon injection (see Figure 1a ). Under these P-T conditions, the vapour Additionally, a semi-batch system (sampling with time) was performed in order to measure 7 the pH (using MA235 pH/ion analyzer) and calcium concentration (using ICP Perkin Elmer 8
Optima 3300 DV) in filtered solutions. For this case, about 25 ml of suspension were sampled 9 in the reactor as a function of time (0, 2, 6, 10 and 30 minutes) during calcite precipitation.
The P-T conditions were the same above cited, but, only 3g of calcium hydroxide were placed 11 in the reactor. This allows better particle dispersion and a faster dissolution of calcium 12 hydroxide. In addition, for these experiments, approximately 14.5 g of CO 2 were injected in 13 the system. Note that the pH and Ca-concentration measurements were carried out at 25 °C 14 after filtration, cooling and degasification of the solutions. (EDS) to image the morphology of the particles and to identify the precipitated phases.
21
The specific surface area of powdered calcite (four samples) was estimated by applying the A convolution method (Rietveld refinement) has been used in this study to account for size 10 and strain effects. For this purpose, an X-ray diffraction pattern of a microstructure-free 11 sample (SiO 2 in our case) has been measured, in order to isolate the instrumental resolution 12 effect. In this way, further Rietveld refinements of the samples using size and strain models 13 account only for microstructural effects.
14 In order to get a more detailed knowledge on the texture of the calcite particles, we have 15 performed microstructural analyses within the Rietveld refinement of the X-ray diffraction 16 data. The method is sensitive to the anisotropy of the crystallites, as a refinement of the full 17 X-ray pattern is performed, which includes reflections of different reciprocal space directions.
18
In addition, the combination of this crystallographic approach with the use of adsorption- The aqueous carbonation of Ca(OH) 2 described by the global reaction (1) 9 these processes produce a fast supersaturation (S I ) of solution with respect to calcite, Finally, the crystal growth occurs spontaneously until the equilibrium calcite and the solution 16 is reached (see for ex. Fig. 3 that the precipitation rate for these systems is linked to the particle size and calcite-crystal leads to a sub-micrometric average particle size of 0.22 µm assuming spherical or cubic 15 geometry. Obviously, the specific surface area and average particle size of solid matrix 16 depend on the reaction time before equilibrium system (this will be described in the following 
Rietveld refinements

3
The results of the Rietveld refinements are shown in Table 1 
Conclusion
16
This study demonstrate that the Pressure, the temperature and the dissolved quantity of CO 2 17 have significant effect on the average particle size, specific surface area, initial rate of The results presented here demonstrate that nano-calcite crystals, with high specific surface 8 area can be produced, with a high potential for industrial applications such as adsorbents 9 and/or filler in papermaking industry. are grateful to S. Petit who allowed the BET measurements to be performed in her laboratory.
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